
RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 102, NO. 2, 25 JANUARY 2012 332 

*For correspondence. (e-mail: jpshrivastava.du@gmail.com) 

(3) Information from other organizations by various 
means, i.e. electronic data, past history, telephonic 
message, etc.  

 
All the processed information may be used to issue warn-
ing in advance to the civil authorities at District/State 
administration level for effecting preparedness to prevent 
losses.  
 Soon after the event, the UPC can also provide vital  
information, obtained by rapid access, to ground truth 
data collectors and to emergency authorities/workers who 
provide services and carry out relief operations under dis-
aster management5.  
 Such a system will provide scope for assessment of 
risk of slope instability in the mountains and with the  
input from satellite images will be able to sound an alarm 
regarding flood situation in the plains downstream. 
Therefore, concerned authorities (State Public Works  
Department, National Highway Authorities, etc.) would 
be in a better state of preparedness. Comprehensive and 
multi-temporal coverage of large areas in real time from 
satellites can be used for monitoring, assessment and  
relief management. The system will also be able to guide 
planning of locations for future projects on hydro-power, 
irrigation and development of infrastructure (roads, 
bridges, etc.). 
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We report chemico-mineralogical attributes of the 
clay minerals that occur in the bole horizons associ-
ated with the 116 Ma Early Cretaceous Sylhet Traps 
in Meghalaya. The boles are brick red, greyish-black 
and yellowish-brown in colour. They have been  
observed in drill cores between the flows and are  
exposed in the Mawlong–Tyrna section of the Megha-
laya Plateau. Upper sharp contact and lower grada-
tional contact suggest that bole horizons are palaeo-
weathering surfaces developed in the time interval  
between successive eruptive cycles. X-ray diffraction 
of clay minerals of three bole horizons shows that a 
lower bole horizon is rich in palygorskite, whereas 
other two are rich in halloysite and kaolinite. Scan-
ning electron micrographs show that palygorskite 
forms randomly oriented network of densely packed 
fibres; kaolinite is characterized by parallel platy  
texture and halloysite shows matrix-type structure 
with isometric, spheroidal microaggregates having  
intragranular porosity. PAAS normalized REE pat-
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terns of both Sylhet and Deccan Traps bole clays show 
overlapping REE patterns and HREE enrichment. 
Most of the clays show positive Ce anomalies, indicat-
ing oxidizing conditions during their formation. While 
dominance of kaolinite and halloysite suggests weath-
ering of low Mg volcanic ash under humid tropical 
climate, occurrence of palygorskite suggests increase 
in the pH, H4SiO4 and Mg2+ ions in a peri-marine  
environment under semi-arid to arid conditions. Chemi-
cal indices of alteration show that similar alteration 
conditions for the formation of boles prevailed during 
early Cretaceous Sylhet and Late Cretaceous Deccan 
volcanism. Rainfall was probably a little higher dur-
ing the formation of Sylhet bole horizons. 
 
Keywords: Bole horizons, chemico-minerological attri-
butes, clay minerals, palaeo-environment. 
 
THE 116 ± 3.5 Ma Early Cretaceous basaltic volcanism 
gave rise to Sylhet Traps sequence of Meghalaya. Sylhet 
Traps occur as small detached outcrops along the Dauki 
fault at the southern margin of the Shillong Plateau1. In a 
237 m deep bore drilled in East Khasi Hills, 16 amygda-
loidal, microporphyritic olivine-bearing tholeiitic lava 
flows, 8–32 m thick, have been reported2. Each flow 
shows 0.1–14 m thick bole horizon at the upper contact. 
There are previous suggestions that bole horizons develop 
by in situ weathering and chemical alteration of flow tops 
in the time interval between successive eruptive cycles3,4, 
and thus they constitute palaeo-weathering surfaces. 
Typically a bole horizon, rich in clay, has a sharp upper 
contact and shows a gradational lower contact as in in 
situ soil profiles. Bole clays, therefore, can provide  
information on palaeo-climatic conditions that prevailed 
during the interval between two volcanic eruption events. 
Bole clays in the 64.8–65.6 Ma Deccan Traps sequence 
have been studied earlier5,6. Such studies have not been 
carried out so far on the boles of the Sylhet Traps  
sequence. The present communication reports the results 
of mineralogical and geochemical study of bole horizons 
in the Sylhet Traps succession. The chemico-mineralogical 
attributes of clay minerals in Early Cretaceous bole hori-
zons of Sylhet Traps sequence are compared with those 
of the Late Cretaceous to Tertiary boles of the Deccan 
Traps sequence. 
 The Sylhet Traps are well exposed along Dauki fault, 
close to the southern edge of the Meghalaya Plateau (Fig-
ure 1). Here in the Mawlong–Tyrna area, ~ 125 m thick 
traps sequence is exposed. The exposed sequence com-
prises 10 sub-horizontal lava flows. Individual flow is 
laterally traceable for 20–50 m. Planar surface between 
the amygdular top of an underlying flow and massive 
flow bottom of the overlying flow defines the flow con-
tacts. In some places, a bole horizon occurs between suc-
cessive flows. The contact of the bole horizon with the 
overlying flow is sharp, whereas its lower contact is gra-
dational with amydular flow tops of the underlying flow. 

Thickness of bole horizons varies between 0.05 and 2 m. 
They are rich in clay minerals, and are brick red, greyish-
black and yellowish-brown in colour. 
 Clay minerals were separated from the bole samples 
following standard procedures. Oriented mounts of clay 
separates were prepared by filtering the clay suspension 
onto a membrane filter and then transferring it onto a 
glass slide to obtain a uniform diffraction mount7. Pow-
der X-ray diffraction data for qualitative determination of 
clay minerals were obtained using Philips X-ray diffrac-
tometer (Model: X’pert, PW-1130) with Cu-Kα radiation 
at an adopted scanning speed of 1°/min. Gold-coated 
specimens were prepared and examined under a scanning 
electron microscope (Zeiss-make EVO MA-15). Bole 
clay specimens were scanned (from 1000 × to 5000 K× 
magnification) with secondary electrons for their mor-
phology. Clay samples coated with a thin layer of carbon 
were analysed for major oxides using energy dispersive 
X-ray spectrometer (EDS; Oxford-make, Inca X-Act). 
Back scattered electron (BSE) compositional images were 
obtained. For trace element analysis, 0.1 g of clay frac-
tion (0.1–2.0 μm) prepared from –220 mesh powder of 
air-dried bole sample was analysed following the stan-
dard procedure8. Rare earth element (REE) composition 
was determined using inductively coupled plasma-mass 
spectrometer (model Perkin Elmer-Élan-DRC-e) at the 
Chemical Laboratory of the Geological Survey of India, 
Kolkata. SRM-GBW07304 (GSD-4) standard was used 
for quality control of the data. 
 X-ray diffraction patterns of clay minerals in the sam-
ples from the bole horizons of the Sylhet Traps sequence 
are given in Figure 2. Sample JP-18 shows the presence 
of palygorskite identified by its strong (210) reflection  
at 3.68 Å. Halloysite with characteristic basal reflection 
at 7.24 Å is dominant in sample JP-19. JP-20 is character-
ized by strong presence of kaolinite identified by promi-
nent peaks at 7.17 and 3.57 Å. The pattern for this 
kaolinite-rich sample shows an asymmetric shoulder 
around 4.47 Å, indicating poor crystallinity. A significant 
difference between kaolinite and halloysite is that the lat-
ter contains more H2O+ than the former9. Halloysite is rare 
in kaolinite and palygorskite-rich bole samples of Sylhet 
Traps sequence. 
 BSE images of clay minerals are given in Figure 3. A 
network of densely packed and randomly oriented fibres 
of palygorskite in JP-18; matrix-type structure with iso-
metric, spheroidal microaggregates having intragranular 
porosity of halloysite in JP-19, and micro-aggregates of 
pseudo-hexagonal plates of kaolinite in JP-20 can be 
clearly seen. EDS analyses of palygorskite, halloysite and 
kaolinite-dominant bole clays are presented in Table 1. 
Structural formulae calculated from the data are given in 
Table 2. 
 REE abundances in JP-18, 19 and 20 are presented in 
Table 3. PAAS-normalized REE patterns10 are shown in 
Figure 4. The bole clays show higher abundance of heavy 
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Figure 1. a, Location of Sylhet Traps with respect to Rajmahal Traps and Deccan Traps. b, Location of Sylhet 
Traps of Meghalaya area. c, Location of bole horizons of study area. d, Litholog of the Sylhet Traps along Ther-
riaghat–Mahadeo–Mawlong–Tyrna road section, where bole horizons (JP-18, JP-19 and JP-20) are exposed. F, 
Faulted contact. 

 
rare earth elements (HREE) in comparison to light and 
middle rare earth elements (LREE). The LREE/HREE  
ratio is low. δ Ce and δ Eu values found in these clay sam-
ples are 0.70 and 2.46 respectively11. The REE patterns 
for palygorskite (JP-18), halloysite (JP-19) and kaolinite 
(JP-20)-rich clays were compared with those found in the 
Deccan bole clays of the eastern Deccan volcanic pro-
vince12 (Figure 4). The pattern for JP-18 – the palygor-
skite-dominant bole clay of Sylhet Traps – overlaps the 
patterns of palygorskite-rich bole clays of Deccan 
Traps13, but shows positive Ce anomaly, indicating oxi-
dizing conditions attendant on palygorskite formation in 
the Sylhet sequence. HREE enrichment is seen in JP-19, 
which is halloysite-rich bole clay of the Sylhet Traps.  

Although it is within the range of halloysite clays of the 
Deccan Traps, the Sylhet halloysite-rich boles show 
negative Ce and positive Eu anomaly, indicating reducing 
conditions during their formation. The REE patterns for 
kaolinite-rich bole clays of Sylhet Traps (JP-20) also lie 
within the field defined by REE patterns of kaolinite-rich 
bole clays of the Deccan Traps. However, Sylhet kaolinite-
rich boles show positive Ce anomaly, while Deccan kao-
lin-rich boles show negative Ce anomaly. Positive Ce 
anomaly suggests preferential incorporation of Ce in clay 
lattice and reflects oxidizing conditions at the time of 
bole formation. Difference in the Ce anomaly in the kao-
linite (JP-20) and palygorskite (JP-18) clays, which are 
associated with the upper and lower bole horizons respec-
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tively, indicates fluctuations in the atmospheric oxygen 
during the formation of weathered profile at different 
stages of Sylhet volcanism during the Early Cretaceous. 
 Boles have resulted by alteration of tholeiitic basalt 
protoliths both in the Sylhet and Deccan Traps sequences. 
To understand the extent of weathering that gave rise to 
the bole clays, utilizing major element analytical data, 
chemical index of alteration (CIA), chemical index of 
weathering (CIW) and plagioclase index of alteration 
(PIA)14,15 have been calculated and reported in Table 1. 
CIA varies between 87% and 100%. CIW and PIA vary  
between 97% and100%. The alteration indices indicate 
high degree of chemical weathering for the formation of 
bole horizons. 
 Relative intensity of weathering is a function of climatic 
factors such as rainfall and temperature, together with to-
pography, drainage and parent rock16. The dominant clay 
mineral phases – palygorskite, halloysite and kaolinite pre-
sent in the bole horizons of Sylhet Traps sequence are 
similar to those found in the Deccan Traps boles. The 
relative abundance of different clay minerals suggests 
variation in alteration. The imprint of climatic response 
of lava flow to weathering is preserved in the clays of the 
bole horizons. 
 Palygorskite is dominant in a lower bole horizon of the 
studied Sylhet Traps section. Its formation points to a 
climatic set-up which is different from that attendant on 
the formation of kaolinite and halloysite clays found in 
the two bole horizons occurring above. Occurrence of 
 
 

 
 

Figure 2. X-ray diffraction pattern of clay (< 0.2–2 μm) from bole 
horizons associated with Sylhet Traps showing dominance of palygor-
skite (JP-18), halloysite (JP-19) and kaolinite (JP-20). Pg, Palygorskite; 
H, Hallyosie; K, Kaolinite; Q, Quartz; Hm, Hematite; Alb, Albite and 
G, Goethite; Sm, Smectite; Pyro, Pyrophyllite. 

palygorskite points to hot climatic conditions and high  
degree of aridity17. Palygorskite forms in soils, alkaline 
lakes and peri-marine environments under arid to semi-
arid conditions16. It is inferred from the thermodynamic 
calculations9 that palygorskite and sepiolite develop due 
to increase in pH, Mg2+ ions and H4SiO4 content in the 
solution. From these, it can be inferred that at the time of 
formation, palygorskite-bearing boles of the Sylhet Traps 
were in a peri-marine or a saline lake setting. 
 
 

 
Figure 3. SEM photographs of boleclays associated with Sylhet 
Traps. a, Laths of palygorskite and intragranular porosity. b, Microag-
gregates of hallyosite grains. c, Typical appearance of kaolinite occur-
ring as aggregates composed of pseudo-hexagonal plates. These 
aggregates seem to expand into and fill pores in the rocks. 
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 Humid tropical climate with good drainage condition is 
conducive to the formation of kaolinite. Kaolinite forms 
in early stage of alteration. With the rise in H2O content, 
it is transformed to halloysite and allophone in that order. 
 
Table 1. Major oxides (in wt%) and calculated parameters for bole  
 clays associated with Sylhet Traps 

Sample JP-18 (P) JP-19 (H) JP-20 (K) Protolith 
 

Major oxides (in wt%) 
 SiO2 46.31 49.75 65.76 52.48 
 Al2O3 28.23 23.41 21.69 14.96 
 FeO 11.92 15.57 10.31 11.29 
 Fe2O3 2.60 3.39 2.25 2.21 
 TiO2 1.63 2.41 0.00 2.03 
 MgO 8.33 1.93 0.00 6.32 
 CaO 0.97 0.00 0.00 7.27 
 Na2O 0.00 0.00 0.00 2.98 
 K2O 0.00 3.54 0.00 0.16 
 MnO 0.00 0.00 0 0.30 
 Total 100 100 100 100 
 
Calculated parameters (in wt%) 
 CIA 96.68 86.85 100 58.96 
 CIW 96.68 100 100 59.34 
 PIA 96.68 100 100 59.08 

CIA (Chemical index of alteration) = (100)[Al2O3/(Al2O3 + CaO + 
Na2O + K2O)]; CIW (chemical index of weathering) = (100)[Al2O3/ 
(Al2O3 + CaO + Na2O)]; PIA (plagioclase index of alteration) = (100) × 
[(Al2O3–K2O)/(Al2O3 + CaO + Na2O–K2O)]. Calculated parameters of 
Sylhet Traps are based on major oxide data from Baksi et al.14. 
 
 
Table 2. Structural formulae and layer charges of the clay minerals 
associated with Sylhet Traps calculated on the basis of half unit cell  
 [O10(OH)2] 

Sample JP-18 (P) JP-19 (H) JP-20 (K) 
 

Tetrahedral 
 Si 3.02 4.28 5.09 
 Al(iv) 0.98 –0.28 –1.09 
 Net charge 15.02 16.28 17.09 
 Layer charge 0.68 1.05 –0.28 

Octahedral 
 Al(vi) 1.18 2.35 3.06 
 Fe2+ 0.39 1.12 0.67 
 Fe3+ 0.13 0.22 0.13 
 Mg 0.81 0.25 0.00 
 Sum 2.77 4.23 3.86 
 Net charge 6.85 11.33 10.91 
 Layer charge 0.85 5.33 4.91 
 Net layer charge 1.53 6.39 4.64 

Interlayer 
 Ca 0.07 0.00 0.00 
 Na 0.00 0.00 0.00 
 K 0.00 0.39 0.00 
 Layer charge 0.14 0.39 0.00 

Chemical composition in terms of atomic ratios in the tetrahedral and 
octahedral sites and the inter-layer charges were determined9. The 2 : 1 
and 1 : 1 clay mineral anions are based on O10(OH)2 = 22 and 
O10(OH)2 = 28 calculations respectively, where the number of tetrahe-
dral cations is 4. 

During transition of kaolinite to halloysite, kaolinite 
structure is destroyed well before the formation of halloy-
site, suggestive of humid or water-saturated condition9. 
Halloysite therefore represents an intermediate stage during 
the formation of allophane under tropical weathering 
conditions, where definite dry intervals are missing12. 
Plagioclase feldspar in a neutral or slightly acidic envi-
ronment in the presence of water undergoes alteration to 
hydrous form – halloysite9 – a weathering product of vol-
canic ash when magnesium content is low; otherwise 
montmorillonite is formed. From the nature of the bole 
clays, it can be inferred that palygorskite bole clays were 
formed in permarine/saline lake environment and kaolin-
ite–halloysite bole clays developed under humid climatic 
environments at different stages of Sylhet volcanism. 
 Compared to basaltic protoliths, low concentrations of 
K2O, Na2O and CaO found in the boles provide an idea 
 

 
 

Figure 4. PAAS-normalized rare earth element (REE) patterns of  
palygorskite (JP-18), halloysite (JP-19) and kaolinite (JP-20)-
dominated bole clays from Sylhet Traps (present work) plotted within 
the compositional fields of palygorskite (data source: Torres-Ruiz et 
al.13), halloysite and kaolinite (data source: Ahmad12) dominated clays 
of the Deccan Traps. 
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Table 3. Abundance of rare earth elements (REE; ppm) and calcu-
lated parameters in the bole clays (0.2–2 μm fractions) associated with  
 Sylhet Traps 

Samples JP-18 JP-19 JP-20 
 

REE 
 La 20.07 10.94 24.64 
 Ce 40.17 21.22 80.55 
 Pr 5.50 3.14 6.69 
 Nd 19.39 10.99 23.67 
 Sm 4.16 2.44 5.21 
 Eu 1.18 0.71 1.62 
 Gd 6.17 4.11 12.40 
 Tb 1.13 0.70 2.35 
 Dy 7.13 4.16 15.30 
 Ho 1.37 0.80 2.97 
 Er 4.13 2.29 8.32 
 Tm 0.66 –0.50 1.28 
 Yb 4.22 2.22 7.62 
 Lu 0.66 –0.50 1.16 
 
Calculated parameters 
 ∑LREE 89.29 48.73 140.76 
 ∑HREE 25.47 13.28 51.40 
 δ Eu 1.90 1.30 4.18 
 δ Ce 0.59 0.33 1.17 
 (La/Yb)N 0.35 0.36 0.24 
 LREE/HREE 3.506 3.669 2.739 

∑LREE = sum of La–Sm; ∑HREE = Sum of Gd–Yb, La/Yb ratios cal-
culated as (La/Yb)N = LaN/YbN; Cerium anomaly (δ Ce) = CeN/(LaN × PrN) × 
0.5 and europium anomaly (δ Eu) = EuN/(SmN × GdN) 0.5, calculated 
using formulae of Hongbing et al.11; N = Post Archean Average Austra-
lian Sedimentary rock normalized values of Taylor and McLennan10. 
 
 
 

 
 

Figure 5. Chemical index of alteration (CIA), chemical index of 
weathering (CIW) and plagioclase index of alteration (PIA) plotted for 
protolith (Sylhet and Deccan Traps) and their respective bole clays. 
Regression line drawn through values of protolith and bole clay data 
plots shows a value (0.937) which is close to 1, indicative of close cor-
relation. +, Protolith (CIA); , Protolith (CIW); *, Protolith (PIA); , 
Palygorskite (CIA); Δ, Palygorskite (CIW); , Palygorskite (PIA); , 
Hallyosite (CIA); , Halloysite (CIW); , Halloysite (PIA);  

, Kaolinite (CIA); , Kaolinite (CIW) and ×, Kaolinite (PIA). 

about nature and intensity of the weathering process.  
Indices of alteration (CIA, CIW and PIA) show that bole 
clays have resulted from high degree of chemical altera-
tion during weathering both in the Sylhet and Deccan 
Traps sequences. CIA values have been used to get an  
estimate of the amount of palaeo-precipitation that was 
associated with weathering which gave rise to boles18 
(Table 4). Wet climate with annual rainfall range of 
1169–1357 mm brought about weathering during Early 
Cretaceous Sylhet volcanism (Table 4). Rainfall was 
marginally lower, between 1097 and 1298 mm/yr during 
the Deccan volcanic episode. CIA, CIW and PIA data are 
plotted for protoliths (Sylhet and Deccan Traps) and their 
respective bole clays (Figure 5). The plots for both fall 
close to each other and the regression line drawn through 
these data plots shows good correlation (R2 = 0.937), in-
dicating that irrespective of age difference of nearly 
50 m.y. and separation in space by a few hundred to thou-
sand kilometres, boles resulted by approximately similar 
strong levels of chemical weathering in the Sylhet and 
Deccan Traps sequences. However, a greater deviation 
towards Sylhet Traps and associated boles in the correla-
tion plot, suggests that Sylhet boles may have been 
formed by a slightly higher degree of weathering. 
 The impoverishment of LREE in these clays is explai-
ned by variation in the pH of alteration solutions as LREE 
accumulate preferentially in the sediment profile during 
alkali alteration, whereas HREE in acidic solutions19. 
Unlike other REE, Ce and Eu could exist in divalent and 
tetravalent states depending upon redox potential prevail-
ing in the system19. Under oxidizing conditions, Ce gets 
oxidized to Ce4+ state and is removed from the hosts. 
Negative Ce anomaly observed in JP-19 is comparable to 
the Ce depletion documented during basalt weathering in 
general9,20 and indicates reducing environment. The posi-
tive Ce anomalies observed in samples JP-18 and JP-20 
indicate oxidizing condition. The range of δ Ce values 
from 0.59 to 1.17 in the Sylhet boles of different strati-
graphic levels provides evidence for change from reducing 
to oxidizing conditions during Sylhet volcanic episode. 
 Results of the study of boles from Sylhet Traps  
sequence and their comparison with Deccan Traps boles 
led to the following conclusions: (i) The bole horizons 
having sharp upper contact and gradational lower contact 
represent palaeosol horizons in volcanic sequence. (ii) 
Bole horizons are the result of strong chemical weather-
ing as indicated by indices of alteration CIA, CIW and 
PIA. (iii) Sylhet bole horizons contain kaolinite, halloy-
site and palygorskite at different stratigraphic levels. 
While kaolinite and halloysite indicate wet, humid, heavy 
rainfall conditions for weathering, palygorskite indicates 
weathering in a peri-marine/alkaline lake environment, 
indicating that weathering environment varied during the 
volcanic episode. (iv) Negative as well as positive Ce 
anomalies in the REE patterns of bole clays, suggest that 
weathering under oxiding as well as reducing conditions
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Table 4. Extent of weathering and amount of palaeo-precipitation calculated for Sylhet and Deccan Traps 

 Values (in %) Degree of weathering 
 

 CIA CIA CIW CIW PIA PIA    Palaeo-precipitation 
Sample protolith bole protolith bole protolith bole CIAb/CIAp CIWb/CIWp PIAb/PIAp (mm/yr) 
 

Sylhet Traps 
 JP-18 58.96 96.68 59.34 96.68 59.08 96.68 1.6397 1.629 1.636 1334.2 
 JP-19 58.96 86.85 59.34 100 59.08 100 1.4730 1.685 1.692 1169.9 
 JP-20 58.96 100 59.34 100 59.08 100 1.6960 1.685 1.692 1357.7 

Deccan Traps 
 M16 53.11 79.76 53.57 96.15 53.17 95.15 1.501 1.794 1.789 1097.5 
 M14 48.42 80.40 48.88 94.74 48.39 93.60 1.66 1.938 1.934 1106.4 
 M27 48.87 87.91 48.95 93.26 48.87 92.83 1.798 1.905 1.899 1215.9 
 M29a 44.07 84.17 44.71 91.91 43.90 91.09 1.909 2.055 2.074 1157.7 
 M37a 52.50 91.13 53.35 97.68 52.58 97.50 1.735 1.830 1.854 1257.2 
 M37b 53.35 88.24 54.40 93.21 53.49 92.81 1.653 1.713 1.735 1214.5 
 M38 52.48 91.21 53.29 94.92 52.56 94.71 1.737 1.781 1.801 1258.5 
 M31 40.77 82.47 40.97 92.44 40.68 91.41 2.022 2.256 2.247 1136.8 
 M32 53.38 88.60 53.90 94.59 53.45 94.20 1.659 1.754 1.762 1223.1 
 M36 49.24 93 49.67 95.86 49.23 95.73 1.888 1.929 1.944 1284.7 
 M41 49.24 87.46 49.67 95.75 49.23 95.31 1.776 1.927 1.936 1207.2 

CIAb/CIAp, Chemical index of alteration of bole/chemical index of alteration of unaltered lava flow; CIWb/CIWp, Chemical index of weathering of 
bole/chemical index of weathering of unaltered lava flow and PIAb/PIAp, Plagioclase index of alteration of bole/plagioclase index of alteration of 
unaltered lava flow. 
 
can produce bole horizons. (v) Occurrence of similar clay 
mineral assemblages in Early Cretaceous Sylhet and K–T 
boundary Deccan volcanic sequences, suggests that bole-
forming environments could be similar independent of 
time and space. 
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